Human leukocyte antigen (HLA)-DR4/HLA-DRB1*04 has been reported to be a risk factor for Vogt-Koyanagi-Harada disease (VKH) with various strength of association. Its sub-alleles were also found to be associated with VKH. However the results were inconsistent. In this study, we systematically searched the related literature, pooled the odds ratios (ORs) and 95% confidence interval (CI) of association of HLA-DR4/HLA-DRB1*04 or its sub-alleles with VKH from individual studies, and explored the potential source of heterogeneity. A total of 1853 VKH patients and 4164 controls from 21 articles were included in this meta-analysis. The pooled OR of association of HLA-DR4/HLA-DRB1*04 and VKH was 8.42 (95% CI: 5.69-12.45). There were significant heterogeneity (I 2 5 71%). Subgroup analysis indicated that ethnicity was the source of heterogeneity (all I 2 5 0, ORs ranged from 2.09-13.69 in subgroups). The sub-alleles, HLA-DRB1*0404 (OR 5 2.57), 0405 (OR 5 10.31) and 0410 (OR 5 6.52) increased the risk of VKH; 0401 (OR 5 0.21) protected VKH; while other sub-alleles were not associated with VKH. Our meta-analysis confirmed the association between VKH and HLA-DR4/DRB1*04, found the strength of association is different in different ethnic groups, and identified HLA-DRB1*0404, 0405 and 0410 as risk sub-alleles while 0401 as protective sub-allele.
. Human leukocyte antigen (HLA) system is the locus of genes that encode for major histocompatibility complex (MHC), which is a set of cell surface molecules mediating interaction of leukocyte 5 . Therefore, HLA plays an important role in immune system function as well as in the pathogenesis of autoimmune diseases, including VKH 6 . Almost 40 years ago, the association of HLA-BW22J and VKH was reported 7 . However, it could not be replicated in subsequent studies 8 . Later on, more articles have been published on the association of different types of HLA and VKH. Among them, the HLA-DR4 serotype, its corresponding allele HLA-DRB1*04 were mostly investigated 9, 10 . Their results, however, are inconsistent, especially on the strengths of association with reported risk increases variably. The sample size of most studies is small. Recently, there is a review summarizing the genetic studies of VKH 11 . However, it is a narrative review and did not quantitatively synthesize the results from individual studies.
In this study, we performed a systematic review and meta-analysis to investigate the association between VKH withHLA-DR4/HLA-DRB1*04 and its sub-alleles, combine the small sample size studies and explore the sources of the inconsistency.
and/or HLA-DRB1*04 allele/sub-alleles must be provided in VKH cases and controls;
3) The type of article is an original research study, not a review, case report, or editorial comment. The studies that did not provide sufficient information even after contacting the corresponding author were excluded. Considering some studies may contain overlapping cases and/or controls, we paid close attention to the authors, study subject's geographic location, and numbers of subjects. For duplicated studies, we selected the publication that contained the most number of VKH cases.
Data extraction. Data extraction was carried out by two reviewers independently (T.K.S, W.J.L). Any disagreement was solved by discussion and consensus together with a third author (H.Y.C). The following data from each included study were collected: author, year of publication, study design, ethnicity, the mean age and gender of cases and controls, diagnostic criteria used for VKH, counts or frequencies of HLA-DR4/HLA-DRB1*04 and its sub-alleles in cases and controls.
Risk of bias assessment. The quality evaluation was also carried out by two reviewers (T.K.S, W.J.L) independently. Further independent review and resolution by a third reviewer (C.H.Y.) was sought if the two reviewers disagreed. The risk of bias assessment considered 6domainsas suggested in the HuGENet handbook 12 : bias in ascertainment of cases, bias in ascertainment of controls, bias in genotyping controls, bias in population stratification, confounding bias, multiple test and selective outcome reports. Each item was classified by ''yes/no'' to risk of bias or as ''unclear'' if there was no sufficient information to assess. .For individual study, we calculated the odds ratio (OR) and 95% confidence interval (CI), pooled these data to compare HLA-DR4/HLA-DRB1*04 frequencies between VKH patients and controls. Between-study heterogeneity was assed using the Q statistics and quantified using the I 2 statistic (I 2 5 0-25%, low heterogeneity; I 2 5 25%-50%, moderate heterogeneity; I 2 5 50%-75% large heterogeneity; I 2 5 75%-100%, extreme heterogeneity) 13 . Pooled ORs and 95% CIs were computed using fix-effects models when I 2 , 25%, or random-effect models when I 2 .5 25%. We performed ethnicity-based sub-group analysis to investigate the strength of association in different ethnicity. If ethnicity cannot explain heterogeneity, univariate random-effects meta-regression was used to investigate the potential sources of heterogeneity, such as, typing technique, publication language, and publication year. Funnel plot and Egger's test were used to assess publication bias, sensitivity analyses were conducted by Exclusion sensitivity plot analysis. P value less than 0.05 were considered significantly except for Q test and Egger's test, where 0.1 was considered as significant level.
Results
General characteristic of included studies. Studies selection process was showed in Figure 1 . Among 404 records retrieved from databases, 169 were excluded in initial screening, 197 were excluded because they were unrelated studies, reviews, case reports or animal studies. After reviewing the full text, 11 studies were excluded because they had overlapping information in cases and/ or controls with another publications [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , and 4 were excluded because they investigated other variants but not HLA-DR4/HLA-DRB1*04 [25] [26] [27] [28] , two were excluded because there was no control 29, 30 . Eventually, 21 studies 6,9,10,31-48 were retained that contributed data to association of VKH and HLA-DR4/HLA-DRB1*04. There were 19 articles in English, 2 in Chinese. The characteristics of included studies are presented in Table 1 . Table 2 . Overall the quality of included studies was good. Two (10%) studies 10, 49 had bias of ascertainment in cases, 2 (10%) studies 42, 45 were unclear in bias in population stratification, and one (5%) study 10 had bias in ascertainment of controls. No study had bias in genotyping controls, confounding bias or selective outcome report.
Study bias assessment. Possible bias of the included studies is showed in
Association of HLA-DR4/DRB1*04with VKH. In 19 case-control studies investigating the association of HLA-DR4/HLA-DRB1*04 with VKH, the ORs of individual studies ranged from 1.57 to 125.00. The heterogeneity across studies was high with I 2 5 71%, p , 0.00001. Sub-group analysis based on ethnicity showed the I 2 Figure 2A) . The pooled OR of all studies was 8.42 (95% CI: 5.69, 12.45). The funnel plot did not show any obvious evidence of asymmetry ( Figure 2B) , and the p value of Egger's test was 0.457. Therefore, publication bias was not evident in this meta-analysis. Exclusion sensitivity plot showed that pooled OR was not influenced by omitting any study ( Figure 2C ).
Association of HLA-DRB1*04 sub-alleles with VKH. The association of HLA-DRB1*0401, 0402, 0403, 0404, 0405, 0406, 0407, 0408, 0410, 0411, 0417, 0437 with VKH was investigated (Table 3 and Figure 3 ). Among them, no statistically significant association was found between VKH with HLA-DRB1*0402, 0403, 0406, 0407, 0410, 0411, 0417, or 0437. HLA-DRB1*0401 investigated in 6 studies. The individual OR was statistically significant in only one study, but the pooled OR was 0.21 (95% CI: 0.07-0.65, I
2 5 0%, Figure 3A ). HLA-DRB1*0404 was investigated in 6 articles and only two of them reported significant association with VKH. The pooled OR was 2.57 (95% CI: 1.54-4.32, I
2 5 0%, Figure 3D ). HLA-DRB1*0410 was investigated in 8 studies. Statistically significant association of HLA-DRB1*0410 with VKH was reported in two of them and the pooled OR was 6.52 (95% CI: 3.23-13.18, I 2 5 0%, Figure 3I ). HLA-DRB1*0405 was investigated in 12 studies, and the pooled OR was 10.31 (95% CI: 5.56-19.11, I
2 5 77%, Figure 3E ). Meta-regression found that publication year, ethnicity or publication language cannot explain the between studies heterogeneity (all p . 0.05).
Discussion
The present meta-analysis, including 1853 VKH patients and 4164 controls from 21 articles, investigated the association of HLA-DR4/ HLA-DRB1*04 and its sub-alleles with VKH. Our results indicate that HLA-DR4/HLA-DRB1*04 carriers have an increased risk of VKH with OR 8.42. The strength of this association is highest in Eastern Asian and lowest in Indians. Some of HLA-DRB1*04's sub-alleles HLA-DRB1*0404, 0405 and 0410 increased the risk of VKH; 0401 reduced risk of VKH; while 0402, 0403, 0406, 0407, 0410, 0411, 0417, or 0437 was not associated with VKH.
The association of HLA-DR4/HLA-DRB1*04 with VKH was reported in various ethnic populations. Our meta-analysis confirms these previous reports on the association of HLA-DR4/HLA-DRB1*04 with VKH. VKH appears to occur commonly among communities with dark pigment such as Native American, Arabian, Eastern Asian and Indian but not in blacks of sub-Saharan Africans or Caucasians 50 . It is known that the strength of HLA-disease associations can vary among different racial groups 51 . Also, different racial groups can have distinct HLA associations with a common, clinically identified disease. With the power of meta-analysis, here we pooled all the published results of the association between VKH with HLA-DR4/HLA-DRB1*04 and demonstrated that ethnicity was the source of heterogeneity. The OR was 13 In this meta-analysis, we not only confirmed the association of HLA-DR4/HLA-DRB1*04 with VKH, but also identified the suballeles, HLA-DRB1*0404, 0405, 0410 as the risk alleles of VKH, while HLA-DRB1*0401 as the protective allele for VKH. HLA genes and proteins are known to be highly polymorphic, i.e. they exist in many different forms among humans, and play an essential role in recognition of immune system 52 . HLA-DR is a MHC class II cell surface receptor, which displays peptides antigens produced from the HLA-DRB1 gene to the immune system. If the immune system recognizes the peptides as foreign (such as viral or bacterial peptides), it triggers a response to attack the invading viruses or bacteria. It was reported that VKH patients are sensitized to melanocyte epitopes, while patients with HLA-DRB1*0405 recognize a broader melanocytederived peptide repertoire 53 . The functional correlation of HLA-DRB1*0404, 0410 or 0401 with melanocyte epitopes has not been reported. Possibly HLA-DRB1*0404 and 0410 may have broader melanocyte-derived peptide repertoire as 0405, while HLA-DRB1*0401 may have narrower melanocyte epitopes.
Among the sub-alleles of HLA-DRB1*04, HLA-DRB1*0405 was the most investigated allele. Statistically significant association of HLA-DRB1*0405 with VKH was reported in most original studies except in Levinson's article 42 . Our meta-analysis confirmed the positive association of HLA-DRB1*0405 with VKH, although there was some heterogeneity that cannot be explained. Statistical significant association of VKH with HLA-DRB1*0404, 0410 or 0401 was reported in only a few studies but not others. The inconsistency of results from different publications may be due to a small sample size in individual studies. With the power of meta-analysis, the sample size was pooled and increased, and we were able to resolve the inconsistency among publications and identify HLA-DRB1*0404 and 0410 as risk alleles while 0401 as protective allele.
This meta-analysis suggests that in clinical practice, genotyping of HLA-DRB1*0404, 0410 and 0401 is recommended for VKH patients in addition to HLA-DRB1*0405. The genotyping of HLA-DRB1*0402, 0403, 0406, 0407, 0410, 0411, 0417, or 0437 is not necessary. Further studies are needed to investigate the functional implication of HLA-DRB1*0404, 0405, 0410 and 0401, which may provide further insight into the pathogenesis of VKH.
Our study has some limitations. First, we did not identify the source of heterogeneity in the association of HLA-DRB1*0405 with VKH after exploring ethnicity, publication year and publication language. Some studies did not give detailed data such as onset/study age, gender percentage. Therefore we could not estimate them further in meta-regression. Second, there may be some original studies not retrieved by the current literature search. We did not search the Japanese database. Although some Japanese medical journals are indexed in PubMed, and Embase, we still cannot eliminate if some articles in Japanese or other language were missed. Third, the diagnostic criteria of VKH adopted in individual studies are different, which may contribute to the heterogeneity of association.
In conclusion, this meta-analysis demonstrates a strong association between HLA-DR4/HLA-DRB1*04 and VKH. The strength of association was variable in different ethnicities. The sub-alleles, HLA-DRB1*0404, 0405, 0410 were risk factors of VKH, while HLA-DRB1*0401 was the protective factor.
